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ABSTRACT
Studies were conducted to evaluate several factors that
may account for the variability in johnsongrass [Sorghum
halepense (L.) Pers.] control and sugarcane (Saccharum sp.)
cultivar sensitivity observed with postemergence
application of asulam, methyl[(4-aminophenyl)sulfonyl]
carbamate, herbicide.

Johnsongrass at boot stage to 7 0%

seedhead emergence was exposed to simulated rainfall (1.3
cm of water in 15 min) 0, 3, 6, 12, 24, and 48 h after
application of asulam at 3.7 kg/ha.

Predicted critical

rainfree period at which greatest johnsongrass control (65
to 80%) was obtained ranged from 8 to 20 h after treatment,
dependent on johnsongrass growth stage and environmental
conditions following application.

Compared with the 48 h

washoff treatment, fresh weight 42 d after treatment was
reduced 58, 46, and 64% at the predicted critical rainfree
periods of 3, 8, and 18 HAT, respectively.
Asulam was applied at 3.7 kg/ha to rhizomatous
johnsongrass 3 d before fertilization (DBF) or 0, 3, 7, 10,
or 14 d after fertilization (DAF) to evaluate possible
interactions.

Liquid fertilizer was injected 15 cm deep

with knives spaced 7 0 cm apart on each side of the row.
Johnsongrass control based on biomass reduction was 60 to
78% when asulam was applied 3 DBF, which was greater than
for applications 0, 3, 7, or 10 DAF.

Reduced johnsongrass

control appeared to be related to root pruning and
subsequent stress associated with the fertilizer operation.
In plant cane with seedling johnsongrass, highest
control (75%) and lowest johnsongrass panicle counts were
observed with asulam application May 15 compared with April
15 or May 1.

Cane and sugar yields were 18% higher when

asulam was applied May 15 rather than June 15, but were
equivalent to application April 15 or May 1.

With rhizome

johnsongrass in plant cane, johnsongrass control and cane
and sugar yields were equivalent with asulam application
April 15, May 1, or May 15 and greater than for June 15.
Sugarcane cultivars were most sensitive to asulam
application in June and injury ranking was 'CP 72-370' >
'LCP 82-89' > 'CP 70-321'.

Leaf uptake of 14C-asulam was

greater for CP 72-370, but translocation within the plant
was less than for CP 70-321, which may account for the
differential sensitivity observed under field conditions.
In none of the studies conducted was johnsongrass
controlled more than 80%.

Results of these studies help to

explain the inconsistency in johnsongrass control with
asulam and provide information applicable to its efficient
use in a sugarcane production system.
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CHAPTER 1
INTRODUCTION
Sugarcane was imported into New Orleans, Louisiana
during the mid 1700's by Jesuit priests.

Since that time

sugarcane production has developed into a multimillion
dollar per year industry.

In 1993 over 140,000 ha of

sugarcane was harvested in Louisiana, with a production
value of 245 million dollars (1.2).
Sugarcane is a unique agronomic crop since unlike other
row crops, three production years are harvested from a
single planting.

The sugarcane crop is usually planted in

late summer to early fall and maintained through the
following three seasons.

The first year of production is

called plant cane, with the following two successive crops
termed first and second ratoon, respectively.

Tillage is

limited during the three year crop cycle to the row middle
of the 1.8 m rows.

Typically the 60-cm drill is

undisturbed which is conducive to competition from
perennial weeds.

The primary weed problem in Louisiana

sugarcane is rhizomatous johnsongrass (1.1).

Interference

from johnsongrass is well documented in sugarcane (1.15,
1.16, 1.24, 1.25).

Richard (1.24) reported that if

uncontrolled johnsongrass reduced sugar yields up to 53%
primarily by reducing sugarcane tillering and subsequent
millable stalk population.

Johnsongrass rhizome systems
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can double in size in as little as 30 d if control levels
are not imposed (1.16).
Although soil-applied herbicides are available for
preemergence (PRE) control of seedling johnsongrass in
sugarcane, asulam is the only postemergence (POST) foliar
applied herbicide active on johnsongrass.

Maximum

rhizomatous johnsongrass control with asulam seldom exceeds
80% (1.25) and herbicidal activity is more likely to
suppress johnsongrass growth rather than to cause death.
Several factors may contribute to lower levels of
johnsongrass control with asulam including susceptibility
to rain washoff (1.23), weed growth stage at time of
application (1.7, 1.24), interaction with time of
fertilization (1.6), and environmental conditions (1.19).
Asulam, methyl[(4-aminophenyl)sulfonyl]carbamate,

is

applied to johnsongrass during April and May when the
possibility of afternoon rain showers is great.

Weather

data compiled over the previous 30-yr period reveals that
at Baton Rouge, LA over 26 cm of rainfall is received
during April and May (1.20).
yearly total.

This represents 17% of the

Conseguently, the freguency of rainfall

during the application period enhances the potential for
herbicide washoff.
The critical rainfree period for a herbicide can be
defined as the interval of time after herbicide application
required to obtain maximum control.

Some postemergence
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foliar applied herbicides have critical rainfree periods of
only 2 to 4 hr (1.8, 1.9), while others may be require 8 to
2 0 hr (1.5, 1.10,).

Babiker and Duncan (1.3) observed that

rainfall shortly after asulam application resulted in
inconsistent control of bracken (Pteridium aquilinum)
fronds.
Spray adjuvants are commonly used in many agricultural
pesticide applications.

There are numerous advantages to

using spray additives, one of which is to reduce the
critical rainfree period (1.4, 1.21, 1.26).

Spray

adjuvants have been reported to reduce the critical
rainfree period of asulam (1.3, 1.19, 1.23).

A portion of

this dissertation evaluates the rainfastness of asulam on
johnsongrass and investigates the advantages of adjuvant
addition.
Another area possibly affecting the performance of
asulam on johnsongrass is the interaction between time of
application of asulam and fertilization.

The necessity of

high N levels for maximum sugarcane yield has been reported
(1.13, 1.22).

The ideal application time for fertilizer

and asulam often overlap.

Ricaud (1.22) reported that

sugarcane uses fertilizer most efficiently if applied in
April to early May.

Likewise, sugar yields associated with

the control of johnsongrass has been greatest when asulam
applications were made in April and May (1.24).

Sugarcane is fertilized by use of a ground-driven liquid
fertilizer injection system.

The sugarcane row is often

off-barred prior to fertilizer application.

During the

off-barring operation soil from the row sides of the 60 cm
wide drill is removed and returned in a single pass with
disk cultivators.

Fertilizer injection is accomplished by

knifing of fertilizer into the root zone to a depth of
approximately 15 cm.

This process coupled with off-barring

can cause extensive root damage to well established
johnsongrass.

Stress associated with root pruning can

hinder herbicide uptake (1.11) as well as disrupt general
plant growth (1.12, 1.14).

The potential interaction

between time of herbicide application and fertilization is
addressed in this thesis.
Although johnsongrass should be treated with asulam in
April to early May (1.24), weather conditions, cultural
practices, or conflicts with other farm activities
sometimes prohibit timely application.

Applications of

asulam after June 1 has resulted in lower sugar yields.
These lower yields were attributed to reduced levels of
johnsongrass control and greater injury to certain
sugarcane cultivars.

Most sugarcane cultivars are tolerant

to early season applications of asulam; sensitivity varies
with later applications

(1.17, 1.24).

Richard (1.24)

reported that late season application of asulam is
especially injurious to the cultivar 'CP 72-370'.

Sugarcane lines are continually being evaluated for
favorable agronomic characteristics including
harvestability, erectness, sucrose content, maturity,
tonnage, and stubbling ability as well as disease and
insect resistance.

The potential for variability in

agronomic traits can be genetically explained in some cases
(1.18).

Few breeding studies are conducted to specifically

evaluate herbicide tolerance.

Observations indicate that

the newly released cultivar 'LCP 82-89' may be susceptible
to injury from asulam as CP 72-370.
Differential tolerance of asulam by sugarcane cultivars
may be related to herbicide absorption and translocation.
The absorption rate of asulam, into plant leaves can be
extremely slow (1.3).

Sharma et al.

(1.27) reported that

14C-asulam absorption rate into flax leaves was greater than
for wild oats, but, translocation was greater in wild oats.
Veerasekaran (1.28) reported that 14C-asulam was transported
to the meristematic sink areas such as rhizome tips, bud
areas, and the young leaf/frond tissue.
Studies reported in this thesis address the effects of
asulam application timing on both johnsongrass control and
potential sugarcane injury.

Additionally, absorption and

translocation of l4C-asulam in CP 72-370 and 'CP 70-321'
sugarcane cultivars are compared.
At present asulam is the only POST herbicide labeled for
johnsongrass control and weed control has been variable.

The potential economic loss in sugarcane yield due to
johnsongrass competition mandates that effective weed
control programs be implemented.

This dissertation

addresses factors related to the performance of asulam in
controlling johnsongrass within the sugarcane crop and
sugarcane injury observed with asulam.

These findings

should lead to the development of a weed control program
for johnsongrass which maximizes the efficiency of asulam
and provides an economic benefit to the producer.
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CHAPTER 2
CRITICAL RAINFREE PERIOD AND INFLUENCE OF ADJUVANTS
ON JOHNSONGRASS (SORGHUM HALPENSE) CONTROL WITH ASULAM

INTRODUCTION
Sugarcane is a major crop in southern Louisiana and is
unique among agronomic row crops since three harvestings
are usually made from a single planting.

The most

economically important weed in Louisiana sugarcane is
johnsongrass (2.2).

Since the sugarcane drill is not

disturbed over the crop cycle, rhizomatous johnsongrass
proliferates, especially in the ratoon crops.

Asulam is

the only herbicide labeled for postemergence (POST)
johnsongrass control in sugarcane.

Visual johnsongrass

control with asulam can be variable and seldom exceeds 75%
4 wk after treatment (2.12, 2.16, 2.18).

The temporary

suppression of johnsongrass growth following asulam
treatments, however, allows sugarcane to tiller which
increases stalk population and cane yield.

Richard (2.17)

reported that uncontrolled johnsongrass can reduce
sugarcane yield by as much as 54%.
Asulam is usually applied to johnsongrass in April and
May when the frequency of afternoon rain showers is high.
The average rainfall event can produce approximately 1.19
cm of rain.

Thirty year rainfall data show that an average

of 26 cm of rainfall is received during the months of April
10

and May at Baton Rouge, LA (2.14).

This amount represents

approximately 17% of the total yearly rainfall.

The time

interval between herbicide application and rainfall needed
to obtain adequate weed control varies depending on the
specific herbicide used (2.4, 2.7, 2.19).

Bryson (2.5,

2.6) reported that seedling and rhizome johnsongrass
control with selective POST grass herbicides was reduced
when rainfall occurred within 4 h after treatment.

In

greenhouse washoff studies, Richard (2.16) reported that 48
h was needed to maximize johnsongrass control with asulam.
He concluded that the lengthy rainfree period for asulam
was probably due to slow absorption.

Washoff in this study

was accomplished by immersion and thorough washing of
plants with water rather than using a rainfall simulator.
Babiker and Duncan (2.3) observed that asulam was slowly
absorbed into bracken fronds and rainfall shortly after
application resulted in inconsistent control.
Surfactants are commonly used to enhance herbicide
activity and to increase leaf absorption (2.9, 2.10, 2.11,
2.13).

Under adverse environmental conditions, enhancement

of herbicidal absorption increased johnsongrass control
(2.10, 2.11).

The critical rainfree period can be defined

as the period of time at which if rainfall occurs and
herbicide is washed off, decreased weed control results.
Some adjuvants have been shown to shorten the critical
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rainfree period for several herbicides (2.4, 2.5, 2.15,
2.19), including asulam (2.3, 2.13, 2.16).
Jansen (2.9) reported that several silicone-based
surfactants were useful as herbicide spray adjuvants.

The

critical rainfree period for glyphosate was reduced with
the addition of an organosilicone surfactant (2.8, 2.15).
Enhancement of herbicidal absorption, activity, and
reduction in critical rainfree period with the use of
silicone surfactants is related to a combination of
chemical and physical properties unique to this class of
compounds (2.8).
Few studies have been conducted to evaluate rainfastness
of herbicides under field conditions.

Poor levels of

johnsongrass control following treatment with asulam may be
related to rainfall following application.

The objective

of this research was to determine the critical rainfree
period following a 1.3 cm simulated rainfall for
johnsongrass with asulam applied in combination with crop
oil concentrate or commercially blended organsilicone/crop
oil concentrate premix.

MATERIALS AND METHODS
Greenhouse studies.

Johnsongrass seed were planted January

7 and March 12, 1993, 2.0 cm deep in 3.8 L pots containing

a commercial peat premix1.

Pots were thinned to one

johnsongrass plant per pot 2 wk after planting.

At

approximately 7 wk after planting when the flag leaf had
emerged, asulam was applied at 0.9 kg/ha in 190 L/ha of
spray volume at a pressure of 2 07 kPa on March 10 and May
19, 1993.

A preliminary greenhouse study indicated that

the 0.9 kg/ha asulam rate, which corresponded to 25% of the
labeled rate, provided approximately 80% johnsongrass
control.

Either a crop oil concentrate2 at 1.0% (v/v) or a

premix of crop oil concentrate plus an organosilicone
surfactant3 at 0.5% (v/v) was applied with asulam.
Rainfall simulation was accomplished using an industrial
nozzle4 at a pressure of 55.2 kPa (2.20).

Simulated

rainfall equivalent to 1.3 cm in 15 min was imposed 0
(immediate washoff), 3, 6, 9, 12, 24, or 48 hours after
treatment (HAT)5.

A no rainfall treatment was included for

comparison.
‘Jiffy Mix Plus, Jiffy Products of America,
Batavia, IL 60510

Inc.

2Agridex, a mixture of 83% paraffinic mineral oil and
17% polyoxyethylene sorbitan fatty acid ester, Helena
Chemical Co., 5100 Popular Ave., Memphis, TN 38137.
3Dyne-Amic, a proprietary blend of polyalkleneoide
modified polydimethylsiloxane, nonionic emulsifiers, and
methylated vegetable oils, Helena Chemical C o . , 5100
Popular Ave., Memphis, TN 38137.
4Spraying Systems Full Jet 1/2 HH30WSQ, Spraying Systems
Co., Wheaton, IL 60287.
Abbreviations: HAT, hours after herbicide treatment;
WAT, weeks after treatment.
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Following rainfall simulation, plants were allowed to
dry before being placed in the greenhouse.

Four weeks

after treatment (WAT)5 top growth was harvested and dried
at 60°C for 48 h to determine dry weight.

Fresh weight of

plant regrowth was measured 4 wk after initial harvest.
A randomized complete block experimental design with a
factorial arrangement of treatments (eight simulated
rainfall times and two adjuvants) was used.

Data were

subjected to of variance and means were separated by
Fisher's Protected LSD at the 0.05 level of probability.
The adjuvant by time of simulated rainfall washoff
interaction was not significant and data were pooled.
Field studies.

Two field studies were conducted in 1992

and one in 1993 at Ben Hur Research Farm near Baton Rouge,
Louisiana.

Rhizomatous johnsongrass established on

sugarcane beds spaced 1.8 m apart was used in all studies.
Sugarcane was not present.
A split plot experimental design was used with whole
plots consisting of time of simulated rainfall

(0, 3, 6,

12, 24, or 48 HAT) and subplots as asulam plus adjuvant
treatments.

In all studies, in which treatments were

replicated five times, asulam was applied at 3.7 kg/ha in
190 L/ha of water at a pressure of 207 kPa with either crop
oil concentrate2 at 1% (v/v) or a premix of crop oil
concentrate plus an organosilicone surfactant3 at 0.5%
(v/v).

In the first study in 1992, herbicide treatments were
applied July 2 when johnsongrass was 45 to 7 6 cm tall with
6 to 10 leaves and approximately 30 to 40% of panicles
emerged.

Natural rainfall was not received until 7 DAT.

Asulam/adjuvant treatments were applied July 8, 1992 in the
second study.

Johnsongrass was 71 to 96 cm tall with 12 to

17 leaves and 50 to 70% panicles emerged.
of 4.0 cm was received 72 HAT.

Natural rainfall

In 1993, herbicide

treatments were applied May 2 0 when johnsongrass was 2 5 to
74 cm tall with 4 to 10 leaves and 30 to 50% of panicles
emerged.

Approximately 1.5 cm of rain was received 93 HAT.

A typical rainfall event may deliver from 1.0 to 6.4 cm
of rainfall.
al.

Rainfall simulators described by Shelton et

(2.20) were modified to facilitate use in a sugarcane

field and to cover an area 4.3 m long by 2.1 m wide.

Each

simulator was equipped with two industrial nozzles4 spaced
2.1 m apart. The nozzles were mounted approximately 2.5 m
above the johnsongrass canopy and were operated at a
pressure of 55.2 k P a .

Five simulators were used to

accommodate five replications of each of the treatments.
Water delivery by the simulators closely approximated the
size, energy, and velocity of raindrops encountered during
a typical rain shower producing 1.3 cm of rainfall in 0.25
h (2.20).
Visual johnsongrass control ratings were made 6 WAT
using a percentage scale of 0 = no injury and 100 = plant

death.

When treated with asulam, younger johnsongrass

leaves begin to exhibit chlorosis approximately 10 d after
application.

Chlorosis and necrosis intensify until the

apical meristem is killed approximately 40 d after
treatment (2.12).

Following visual ratings an area 3 m

long by 1 m wide from the center of the plot was harvested
to measure fresh weight of johnsongrass biomass.

Samples

were dried at 60°C and dry weight of johnsongrass topgrowth
was determined.
Analysis of variance indicated a time of rainfall by
study interaction.

There was no significant effect due to

adjuvants, and data were pooled.
A linear-plateau regression model (2.1), sometimes
referred to as breakpoint regression, was used to determine
the critical rainfree period.

The regression equation to

calculate the predicted critical rainfree period was:

y = intercept + slope*(minimum of actual x or breakpoint x)

Grid analysis estimated the "breakpoint" by highest
attainable R2 and lowest error sum of squares.

RESULTS AND DISCUSSION
Greenhouse studies.

In both studies for the 24 h washoff

time, johnsongrasss biomass was greater than when asulam
was not washed off (Table 2.1).

Johnsongrass biomass was
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Table 1.1. Dry weight biomass of johnsongrass as
influenced by time of simulated rainfall following
asulam application in greenhouse studies.
Johnsonorass drv weicfht
Studv one
Studv two
“ (g/P-Lani:;
2 5“
48“
24
44
24
48
23
44
23
47
23
44
21
36
20
38
3
6

Time of
washoff
0
3
6
9
12
24
48
None
LSD (0.05)

“Values represent an average across crop oil concentrate
and crop oil concentrate plus organosilicone adjuvants.

eguivalent when asulam was washed off immediately after
application and at 24 HAT in both studies.

Additionally,

herbicide washoff at 48 h was equivalent to the no washoff
treatment.

Richard (2.16) reported that a period in excess

of 24 h before washoff was required for maximum
johnsongrass control.

In his study, washoff was not

accomplished by simulated rainfall but rather by immersion
and thoroughly rinsing johnsongrass plants with water.

In

comparison, a 3 or 6 h rainfree period was required for
control of wild oats (Avena fatua) with asulam (2.13).
Field studies.

Johnsongrass control in the first study

approached 71% following a critical rainfree period of 8
HAT (Figure 2.1)

This represented about a 2 fold increase

in control over that obtained when herbicide was washed off

immediately.

In the second study the critical rainfree

period was 14 HAT and johnsongrass was controlled
approximately 7 0% which was similar to the control level
observed in the first study (Figure 2.1).

The longer

critical rainfree period for the second study is probably
due to more advanced maturity of johnsongrass at
application time.

This is not unexpected since asulam

uptake would be slower in more mature plants (2.3).

Other

research has shown increased asulam tolerance as weed
height increased (2.13).
Johnsongrass control in the third study was maximized at
81% and corresponded to a critical rainfree period of 20
HAT (Figure 2.1).

This observation is closer to that

observed in the greenhouse study reported herein as well as
in other studies (2.16).

The extended critical rainfree

period in the third study is probably due to soil moisture
conditions preceding and following herbicide
application.

Although similarity in johnsongrass growth

stage existed in 1992 (Study 1) and 1993

(Figure 2.1), the

soil moisture conditions the first year were optimum prior
to and after asulam application.

In contrast,

little

rainfall had occurred in 1993 prior to asulam application
and this combined with limited rainfall during the 4 wk
period after application may have affected weed control
obtained.

A longer period of time was required to maximize

control in 1993, but control was greater than that

100

% Control
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--1 9 9 3

(Study 3) y=10.0 + 3.5(m inim um (tim e:20)) R2= 0.84

—
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48

Rainfree period (hours)
Figure 2.1. The effects of a 1.3 cm simulated rain on predicted johnsongrass control 42
DAT with asulam POST at 3.7 kg/ha.
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obtained in 1992.

Decreased weed control has been shown to

occur when herbicides are applied to weeds under drought
stress conditions (2.13).
Johnsongrass green biomass present 42 DAT was 2300 g/3
m2 when asulam was washed off immediately after application
in the first study of 1992 (Figure 2.2).

At the critical

rainfree period 3 HAT, biomass was reduced 61% compared
with immediate washoff.

In the second study in 1992 with

more mature johnsongrass shoots, immediate washoff resulted
in production of 1500 g/3 m2.

The lower weight of

johnsongrass in the second study compared with the first
could be expected due to less regrowth potential since
plants were more mature at treatment time.

In the second

study in 1992 the critical rainfree period was 8 HAT and
green biomass production was reduced 4 5% compared with
immediate washoff.
The critical rainfree period in 1993 of 18 HAT is
substantially greater than that observed in 1992 (Figure
2.2), but is in close agreement with the 20 HAT critical
rainfree period in 1993 based on visual control (Figure
2.1).

Following the 18 HAT rainfree period, a 64%

reduction in johnsongrass green biomass was observed
compared with immediate washoff where biomass production
was 1700 g/3 m2.

With respect to the johnsongrass dry

biomass data the critical rainfree period was 3, 6, and 16
HAT for studies 1, 2 and 3 respectively (Figure 2.3).
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<
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Figure 2.2. The effects of a 1.3 cm simulated rain on predicted johnsongrass green weight
4 2 DAT with asulam POST at 3.7 kg/ha.
^
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Figure 2.3. The effects of a 1.3 cm simulated rain on predicted johnsongrass dry weight
42 DAT with asulam POST at 3.7 kg/ha.
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With immediate washoff in the first study in 1992, dry
biomass production was 670 g/3 m2 and was reduced 55%
compared with 3 h rainfree period.

For the second and

third studies, johnsongrass biomass following washoff 0 HAT
was 590 and 630 g/m2, respectively, and was reduced 43 and
64% at the 6 and 16 HAT critical rainfree periods,
respectively.
The variation in critical rainfree period based on
visual johnsongrass control (8 to 20 HAT), fresh weight (3
to 18 HAT) and dry weight (3 to 16 HAT) is reflective of
the inconsistency in johnsongrass control with asulam
commonly observed under field conditions (2.12, 2.13,
2.18).

The shortest critical rainfree period for all

parameters measured occurred in the first study in 1992
with the longest critical rainfree periods noted for 1993.
Predicted critical rainfree periods observed for
johnsongrass with asulam are substantially later than those
reported for other POST herbicides (2.5, 2.6, 2.8, 2.15,
2.19).

Slow uptake of herbicide into the plant (2.3),

growth stage at application time (2.19), and environmental
conditions (2.13) can all impact rainfastness of
herbicides.
Results of these studies help to explain from the
standpoint of rainfastness why johnsongrass control with
asulam is often unacceptable.

Asulam in these studies

controlled no more than 81% of johnsongrass even when

rainfall was delayed until 48 h.

For most POST herbicides

used in other crops, weed control of 81% would be
unacceptable and if market competition was available,
alternative herbicides would be used.

In sugarcane,

however, asulam is the only herbicide presently available
for POST control of johnsongrass.

Results suggest that

asulam applications to johnsongrass after panicle emergence
when less than optimum soil moisture conditions exist may
exhibit less than maximize effectiveness.
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CHAPTER 3
JOHNSONGRASS (SORGHUM HALEPENSE) CONTROL AS INFLUENCED BY
ASULAM APPLICATION TIMING AND
FERTILIZER/CULTIVATION OPERATIONS

INTRODUCTION
Sugarcane is a major crop in south Louisiana
contributing approximately 245 million dollars in
production value IN 1993 (3.1).

Unlike annual crops, three

sugarcane crops are usually harvested from a single
planting.

Since soil in the sugarcane drill is not

appreciably disturbed over the three year crop cycle,
rhizome johnsongrass can become well established.

Cane and

sugar yields of a ratoon crop have been reduced by as much
as 58% when johnsongrass was not controlled (3.10).
Metribuzin [4-amino-6-(1,1-dimethylethyl)- 3 - (methylthio)1, 2 ,3-triazin-5 (4ii) -one] , terbacil [5-chloro-3-(1,1dimethylethyl)-6-2,4-(1H ,3H)-pyrimidinedione], trifluralin
[2,6-dinitro-N,N-dipropyl-4-(trifluoromethyl) benzenamine],
and pendimethalin [N-(1-ethylpropyl)-3,4-dimethyl-2,6dinitrobenzenamine] provide PRE control of only seedling
johnsongrass.

The only herbicide presently labeled for

POST johnsongrass control within the sugarcane crop is
asulam.

Even though visual johnsongrass control with

asulam seldom exceeds 75%, weed suppression encourages
tillering of sugarcane minimizing yield reduction (3.11).
27
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Richard (3.10) reported that sugar yields were highest and
maximum johnsongrass control was achieved when asulam was
applied from April to early May.
Sugarcane requires high levels of N fertilizer for
maximum yields.

A positive correlation between increasing

N levels and sugarcane yield has been reported (3.4, 3.9,
3.14,

3.15).

Even though fertilizer sometimes is applied

broadcast, more commonly liquid fertilizer is injected with
knives approximately 15 cm deep on either side of the
sugarcane drill.

Ricaud (3.9) reported greatest fertilizer

efficiency when application was made from April through
early May.
In a typical operation, cultivation practices include an
off-barring operation in early March, which shifts soil
away from all but the center 60 cm of the sugarcane row and
returns it to the row sides in one operation using disk
cultivators (3.7, 3.8).

Extended rainfall periods can

prohibit timely applications of fertilizer.

Hence, growers

desire to apply fertilizer as early as possible.
Typically,

after fertilizer application the row sides and

middles are cultivated with rolling bed choppers pitched to
avoid deposition of soil on the top 60 cm of the row.
Usually the field is not disturbed again until layby around
June 1.
Johnsongrass emerges in the sugarcane drill with growth
rate dependent upon environmental conditions, particularily
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soil temperature.

Ideally asulam application should be

made when johnsongrass is 46 to 51 cm tall.

Date of

application will vary depending on environmental
conditions.

Consequently, time of application of asulam

and fertilizer can overlap.
Fertilizer injection requires knifing fertilizer into
the root zone.

This process, as well as the off-barring

operation, can prune roots and rhizomes, especially those
of well established rhizomatous johnsongrass.

With the

inconsistency in johnsongrass control observed with asulam
(3.10, 3.11), any additional stress to weeds imposed by
root pruning could hinder herbicide uptake (3.2, 3.3, 3.6),
and or translocation of asulam; negatively affecting weed
control.

Humphries (3.6) reported that removal of barley

root tissue decreased shoot growth.

Decreased shoot growth

coupled with normal or increased root growth may cause
conditions which are antagonistic to POST emergence
herbicide activity (3.3, 3.5, 3.12).
Studies were conducted to identify the possible
interaction between time of asulam and
fertilizer/cultivation operations.

Results should help to

explain variation in johnsongrass control observed with
asulam and lead to the development of agronomic systems
which promote the most efficient use of fertilizer and
asulam to maximize sugarcane yield.
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MATERIALS AND METHODS
Studies were conducted in 1992 at the USDA-ARS Sugarcane
Research Unit, near Houma, LA and in 1993 at the Ben Hur
Research Farm near Baton Rouge, LA.

Rhizomatous

johnsongrass established on raised sugarcane beds spaced
1.8 m apart was used at both locations.

Sugarcane was not

present.
The johnsongrass infested beds were off-barred just
prior to fertilizer application.

In the off-barring

operation the soil on the sides of the row was shifted away
and returned in one operation using disk cultivators.
cm wide dril was left undistrubed.

A 60

Fertilizer was applied

with a tractor-pulled, ground driven liquid fertilizer
injection system equipped with knives spaced 7 0 cm apart on
either side of the row adjusted to a 15 cm depth.

The

liquid fertilizer (18-6-12) was applied at rates of 0, 112,
and 224 kg N/ha on May 15, 1992 and May 25, 1993.
The fertilizer applicator was calibrated to deliver the
equivalent of 112 kg N/ha in a single pass.

The higher

rate of 224 kg N/ha was achieved using two passes with the
applicator.

The applicator was pulled through all plots

twice regardless of whether fertilizer was delivered to the
root system to insure that all plots were subjected to the
same potential root injury.

The row sides and middles were

worked with a disk cultivator following fertilizer
application.
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Asulam application timings were scheduled based on the
fertilizer application.

Asulam was applied 3 d before

fertilizer (DBF)6 and 0,

(same day of fertilization)

3, 7,

10, or 14 d after fertilizer (DAF)6.
Asulam was applied at 3.7 kg/ha and crop oil
concentrate7 was added at 1% (v/v).

Either a C02

pressurized backpack sprayer or a tractor mounted
compressed air sprayer delivering 190 L ha of spray volume
at a pressure of 207 kPa was used.

Asulam was applied to a

90 cm band using three flat-fan nozzles over the bedded
row.

One nozzle was positioned directly over the center of

the row and two nozzles were positioned on 3 0 cm drops on
either side of the row each spaced 3 0 cm from the center
nozzle.

The outside nozzles were angled to spray inward

toward the johnsongrass canopy.
Visual ratings of johnsongrass control were made 6 wk
after treatment (WAT)6.

On the same date, johnsongrass was

harvested from an area 7.5 m2 in size and dried at 60°C for
5 d to determine dry weight.

Johnsongrass was allowed to

regrow for 4 wk, then the above groung biomass was
harvested and dried as described previous.

6Abbreviations: DBF, days before fertilizer; DAF, days
after fertilizer; WAT week after asulam treatment.
7Agridex, a mixture of 83% paraffinic mineral oil and
17% polyoxyethylene sorbitan fatty acid ester, Helena
Chemical Co., 5100 Popular Ave., Memphis, TN 38137.
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A split plot experimental design with whole plots
consisting of fertilizer rates (0, 112, or 224 kg N/ha) and
subplots as asulam application times (3 DBF, 0, 3, 7, 10,
or 14 DAF) was used.
Data were subjected to analysis of variance and a
significant herbicide timing by study interaction was noted
for all parameters measured.

Fertilizer rate by herbicide

timing interaction was not significant and data were pooled
across fertilizer rates.

Single degree of freedom

contrasts were used to determine similar johnsongrass
responses to asulam application times.

These similar or

common plateau zones for each variable were averaged and
compared with those outside the common zones using multiple
group contrasts (3.13).

Johnsongrass response means for

each year are presented in Table 1 with multiple group p(F)
values presented in Tables 3.3, 3.4, and 3.5.

RESULTS AND DISCUSSION
Johnsongrass control in 1992 ranged from 50 to 78%
(Table 3.1).

Based on single degree contrasts the reduced

johnsongrass control common area of asulam application 0
(58%) and 3 DAF (50%)

(Table 3.2) was less than for 3 DBF

and 10 and 14 DAF (63 to 78% control).

When asulam was

applied 7 DAF johnsongrass control was equivalent to the 0
and 3 DAF application average.

Johnsongrass control 3 DBF

(78%) was greater than when applied 7, 10 or 14 DAF.

In 1993 johnsongrass control ranged from 38 to 62%
(Table 3.1).

As noted the previous year, the common area

occurred when asulam was applied 0 and 3 DAF (Table 3.2)
and johnsongrass was controlled 38 and 45%, respectively.
In contrast to asulam application 0 and 3 DAF, johnsongrass
control was increased when asulam was applied 3 DBF, 7, 10,
and 14 DAF.

Johnsongrass was controlled 60% when asulam

was applied 3 DBF which was greater than for application 7
and 10 DAF.
Lower johnsongrass control in 1993 regardless of asulam
application time is probably due to the lack of available
moisture (1.1 cm of rainfall was received within the 4 wk
period after application).

In contrast 5.8 cm of rainfall

was received during the same time period in 1992.
Table 3.1.
Percent johnsongrass control and dry
johnsongrass biomass of treated plants 4 wk after asulam
application and dry biomass of regrowth 8 wk after asulam
application.3
Asulam
application
timinqb
-3
0
3
7
10
14

Control
1992 1993
%
78
60
58
45
50
38
60
55
65
48
63
62

Rhizomatous iohnsoncrrass
Reqrowth drv weicrht
Drv weiqht
1993
1992
1993
1992
- g/v .5 m2—
- g/7. 5 m2 690
1050
1030
1380
1020
960
2140
1370
1410
2060
1550
1280
1410
1290
2240
1770
2290
1500
1290
1570
1230
1450
1620
1500

“Study conducted in Houma, LA in 1992 and Baton Rouge,
LA in 1993.
bAsulam applied at 3.7 kg/ha 3 d before fertilizer
application (-3), the same day of fertilizer application
(0), and 3, 7, 10, and 14 d after fertilizer application.

Table 3.2. Contrast comparison p(F) values for johnsongrass control at Houma, LA in 1992
and at Baton Rouge, LA in 199 3a.
Asulam application time

Asulam
application timeb

3
0
3
7
10
14
3
0
3
7
10
14

DBF
DAF
DAF
DAF
DAF
DAF
DBF
DAF
DAF
DAF
DAF
DAF

3 DBF

—

0 DAF

3 DAF

0.0001

0.0001
0.0416

—

—

—

0.0005
—

0.0001
0.1001
—

7 DAF

10 DAF

P ^ ; J-n
0.0001
0.6054
0.0116
—

z --0.0012
0.1048
0.0004
0.2647
—

nni
X -7 -7 o
P Kr } in 1
0.0494
0.0001
0.0183
0.4557
0.0001
0.0183
—
0.1001
—

Common Area
14 DAF

0.0001
0.6054
0.0116
0.3162
0.7486
—
0.0662
0.0001
0.0001
0.0594
0.0813
--

X = 0 and 3

0.0001
—

—
0.0766
0.0028
0.0043
0.0017
—
—
0.0004
0.0079
0.0001

treatment means presented in Table 1.
bAsulam applied at 3.7 kg/ha 3 d before fertilizer application 3 DBF and 0, 3, 7, 10,
and 14 d after fertilizer application (DAF).

Based on single degree contrasts the common area for
treated johnsongrass dry biomass was for asulam applied 3,
7, and 10 DAF both years (Table 3.3).

Biomass following

application of asulam 3, 7, or 10 DAF ranged from 1280 to
1500 g/7.5 m2 in 1992 and from 1290 to 1410 g/7.5 m2 in
1993.

In both years the resulting biomass average of the

treated johnsongrass for the established common area was
greater than when asulam was applied 3 DBF or the same day
of fertilizer, but equivalent to when asulam was applied 14
DAF (Table 3.1).

For both years treated johnsongrass

biomass production following asulam application 3 DBF was
less than 14 DAF.

In 1992, treated johnsongrass biomass

production following asulam application 3 DBF was less than
for 0 DAF, but in 1993 values were equivalent.
Dried biomass of the johnsongrass regrowth in 1992
ranged from 1030 to 2290 g/7.5 m2 (Table 3.1).

Contrast

analysis established a common zone of regrowth biomass when
asulam was applied at 0, 3, 7, and 10 DAF (Table 3.4).

On

average a 68% increase in biomass production for these
application dates occurred during the 4 wk harvest interval
in 1992.

Compared with an average for the common area,

johnsongrass biomass was less when asulam was applied 3 DBF
and 14 DAF. Johnsongrass dry biomass was greater when
asulam was applied 14 DAF when compared with 3 DBF.
The biomass produced by the johnsongrass regrowth in
1993 in most cases was less than in the previous year

Table 3.3. Contrast comparison p(F) values for biomass of treated johnsongrass at Houma,
LA in 1992 and at Baton Rouge, LA in 1993.a
Asulam

Asulam application time______________

application timeb

3 DBF

3
0
3
7
10
14

DBF
DAF
DAF
DAF
DAF
DAF

—

3
0
3
7
10
14

DBF
DAF
DAF
DAF
DAF
DAF

—

0 DAF

3 DAF

0.0231

0.0001
0.0797

--

--

0.4488
--

7 DAF

10 DAF

p(F) in 1992
0.0001
0.0001
0.0088
0.0017
0.3619
0.1394
-0.5655
—

P ) in 1993
0.0380
0.0034
0.0071
0.0003
—
0.3113
—

0.0269
0.0505
0.0634
0.6891
—

14 DAF

Common area
X=3, 7, & 10

0.0004
0.1596
0.7221
0.2066
0.0683
—

0.0001
0.0023

0.0013
0.0001
0.7412
0.1809
0.0799

0.0138
0.0009

—

--

-—
0.1594

—
—
—

0.1158

aTreatment means presented in Table 1.
bAsulam applied at 3.7 kg/ha 3 d before fertilizer application (-3), the same day of
fertilizer application (0), and 3, 7, 10, and 14 d after fertilizer application.

w
C\

Table 3.4. Contrast comparison p(F) values for dry biomass of johnsongrass regrowth at
Houma, LA in 1992 and at Baton Rouge, LA in 1993“.
Asulam

Asulam application time

application timeb

3
0
3
7
10
14

3 DBF

DBF
DAF
DAF
DAF
DAF
DAF

0 DAF

3 DAF

7 DAF

10 DAF

0.0001

0.0001
0.7521

p(F) in ion°
0. 0001
0.0001
0.4963
0.652 5
0.3203
0.4443
0.8174

Common area
14 DAF

0.0128
0.0286
0.0492
0.0090
0.0047

X=0,3,7 & 10

0.0001

0.0029

X = 3,7 & 10
3
0
3
7
10
14

DBF
DAF
DAF
DAF
DAF
DAF

----------------------------0.2180
0.9197
0.1833
—

—

—

p(F) in 1993 ------0.0054
0.0054
0.3903
0.1340
0.0040
0.3375
0.1076
0.8638
0.7062
0.1493
0.0485
0.5836
—

—

--

0.0271
0.0200
—
—
—

0.2344

“Treatment means presented in Table 1.
bAsulam applied at 3.7 kg/ha 3 d before fertilizer application (-3), the same day of
fertilizer application (0), and 3, 7, 10, and 14 d after fertilizer application.
w
-j
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(Table 3.1) due to reduced levels of rainfall during the
experiment time period.

Biomass produced by the regrowth

of johnsongrass ranged from 1370 to 1770 g/7.5 m2.
Contrast analysis indicated a detrimental common response
when asulam was applied 3, 7, and 10 DAF (Table 3.4).

On

average, only a 23% increase in biomass production for
these application dates was observed during the 4 wk
harvest interval in 1993.

The average production of

biomass by the johnsongrass regrowth for the 3, 7, and 10
DAF common area was greater than for asulam applied 3 DBF
or 0 DAF, but was equal to application 14 DAF.

Regrowth

was equivalent for asulam applied 3 DBF, 0, and 14 DAF.
Data both years clearly indicate that reduction in
johnsongrass control and accompanying increases in weed
regrowth occurred when asulam was applied 3, 7, and 10 DAF
compared with 3 DBF.

Additionally, both years johnsongrass

control was reduced when asulam was applied the same day of
fertilization compared with application 3 DBF.

Richard

(3.10) has reported good correlation between visual
johnsongrass control and sugarcane stalk population and
yield.

In the present studies the objective was to

evaluate johnsongrass response and sugarcane was not
present.

Under a true field situation differences in

johnsongrass dry weight would probably have been greater
since sugarcane free from johnsongrass competition would
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have reduced johnsongrass ability to regrow following
asulam application.
It is evident from these studies that root injury due to
the cultivations before and during fertilizer application
negatively affected johnsongrass control with asulam, not
the amount of fertilizer applied.

Apparently, asulam

application 3 DBF was a sufficient interval to allow for
adequate absorption and translocation within the plant
prior to root injury.

With other POST herbicides,

labels

state that weed control may be decreased if cultivation is
performed around the time of herbicide application (3.2).
Research has shown decreased shoot growth following removal
of root tissue (3.6).
Producers desire to apply fertilizer as early as
possible to avoid delay due unfavorable weather conditions.
Fertilizer is essential to maximizing cane and sugar yields
with optimum timing of fertilizer during April and early
May (3.9).

Wet weather during this 6 wk period may hamper

fertilizer applications.

Hence producers are reluctant to

delay fertilizer applications because delay beyond mid-May
can result in a significant reduction in cane and sugar
yields.

Growing conditions in spring affect rhizomatous

johnsongrass development and, consequently affects the
optimum asulam application timing.

In years when late

frost and cool weather conditions in spring are not
encountered and johnsongrass growth is not hindered, asulam
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is applied when johnsongrass is 46 to 61 inches tall
usually in late April to early May.

This time frame

unfortunately often coincides with that for optimum
fertilizer application (3.9).
Based on these studies asulam should be applied at least
3 d prior to or 14 d after tillage which typically would be
the knife injection of fertilizer or off-barring
operations.

Asulam application to johnsongrass during the

first 10 d following fertilizer application should be
avoided to obtain the maximum level of johnsongrass
suppression.

Delaying the application to 14 DAF may

compensate for the initial stress to the johnsongrass from
root injury.

Realizing the potential interaction between

cultivation/fertilizer timing and asulam application,
producers should treat fields heavily infested with
johnsongrass before cultivation/fertilizer applications.
When infestations are light and only spot applications of
asulam are needed, those applications can be delayed until
10 or 14 DAF.
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CHAPTER 4
JOHNSONGRASS (SORGHUM HALEPENSE) AND SUGARCANE
(SACCHARUM SP.) RESPONSE TO ASULAM APPLICATION TIMING

INTRODUCTION
In 1993 in Louisiana, over 140,000 ha of sugarcane was
harvested, translating to 245 million dollars in gross farm
income (4.4).

Sugarcane is unique since typically three

crops are harvested from a single planting.

The first

production year is referred to as plant cane and successive
crops as first and second ratoon.

Johnsongrass is the

primary weed problem in Louisiana sugarcane (4.2).

Since

the sugarcane drill is not disturbed over the three year
crop cycle, heavy infestations of rhizomatous johnsongrass
can develop in successive crops (4.15).

This development

process is enhanced due to reduced sugarcane stalk
population in the ratoon crops.
Sugarcane yield can be reduced 44 to 58% with the
presence of high densities of johnsongrass (4.1, 4.14,
4.19).

Metribuzin [4-amino-6-(1,1-dimethylethyl)-3-

(methylthio)-1,2,3-triazin-5(4H)-one], terbacil [5-chloro3-(1,1-dimethylethyl)-6-2,4-(1H ,3H)-pyrimidinedione],
trifluralin [2,6-dinitro-N,N-dipropyl-4(trifluoromethyl)benzenamine], and pendimethalin [N-(lethylpropyl)-3,4-dimethyl-2,6-dinitrobenzenamine] are
labeled for PRE control of seedling johnsongrass but
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provide little control of rhizome johnsongrass (4.17).
Asulam is the only herbicide labeled for POST johnsongrass
control in sugarcane.

Control of johnsongrass with asulam

is often inconsistent and seldom exceeds 70 to 80% (4.14,
4.15, 4.18, 4.19).

Johnsongrass growth stage at asulam

application timing (4.19), sensitivity to washoff by
rainfall (4.6), and interaction with cultivation/fertilizer
application timing (4.7) can contribute to the level of
johnsongrass control observed.

Temporary suppression of

johnsongrass with asulam encourages tillering of the
sugarcane plant resulting in increased stalk populations
and yield (4.13, 4.19).
Sugarcane cultivar recommendations are based on such
factors as fertilizer utilization efficiency (4.8), growth
rates and relative sugar content (4.9), good ratooning
heritability (4.12), and herbicide tolerance (4.10, 4.16).
The bulk of sugarcane acreage in Louisiana is currently
planted to eight sugarcane cultivars.

The tolerance of

these cultivars to asulam differs (4.15).

Richard (4.18)

reported that single applications of asulam in April, May,
or June increased cane and sugar yields.

April

applications generally provide greatest crop tolerance but
seedling johnsongrass may not be emerged at that time.
Recommended time of asulam application is when the majority
of johnsongrass is 46 to 61 cm tall and prior to panicle
emergence (4.3), which usually corresponds to late April to
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mid-May.

In some cases, asulam application are delayed

until June because of weather conditions or where multiple
applications of asulam are utilized, crop phytotoxicity has
been observed (4.18).

The potential for crop injury

appears to increase as temperatures and relative humidity
increases, and the crop is subjected to some level of soil
moisture stress.

At present CP 72-370 is considered most

sensitive to asulam whereas CP 70-321 is one of the more
tolerant cultivars (4.3).

Absorption and translocation of

asulam may play a role in the sensitivity of sugarcane
cultivars.

Babiker and Duncan (4.5) reported asulam to be

slowly absorbed into wild oats.

In an electron microscopy

study globular silicaceous bodies were present on the leaf
surface of CP 65-383 but not CP 72-370.

These silicaceous

bodies could affect herbicide coverage of the leaf and
absorption of herbicide, potentially causing differences in
asulam sensitivity8.
Limited research has been conducted to compare sugarcane
cultivar responses to time of asulam application,
especially with the newly released cultivar 'LCP 82-89'.
This research was initiated to determine CP 72-370, CP 70321 and LCP 82-89 sensitivity and johnsongrass control with
mid-April to mid-June applications of asulam.

The effect

of johnsongrass control in plant cane on the succeeding
ratoon crop was also evaluated.
“Personal communication with Dr. Teresa S. Willard.
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MATERIALS AND METHODS
Field studies were conducted in 1992

(plant cane) and

1993 (ratoon cane) at the St. Gabriel Research Station at
St. Gabriel, LA and in 1993 (plant cane) near Houma, LA.
Sugarcane cultivars were LCP 82-89, CP 72-370, and CP 70321.

Asulam was applied April 15, May 1, May 15, or June

15 (+ or - 3d), with a nontreated check included for
comparison.

Asulam was applied at 3.7 kg/ha plus 1% (v/v)

of crop oil concentrate9 in 190 L/ha spray volume at 207
kPa pressure using either a tractor mounted compressed air
sprayer or a C02 pressurized backpack sprayer.

The spray

boom consisted of three flat fan nozzles which covered a 90
cm band on the row top.

One nozzle was positioned directly

over the sugarcane row.

The two remaining nozzles were

mounted on 15 cm drops and angled in toward the canopy and
were spaced 45 cm from the center nozzle.

Weed size at the

various application times are shown in Table 4.1.
Plots consisted of three adjacent rows spaced 1.8 m wide
and 13 to 15 m long.

Plot integrity was maintained

following cane harvest in 1992 at St. Gabriel and herbicide
treatments were reapplied the following year in the ratoon
crop to evaluate effect of multiple year applications.

9Agridex, a mixture of 83% paraffinic mineral oil and
17% polyoxyethylene sorbitan fatty acid ester, Helena
Chemical Co., 5100 Popular Ave., Memphis, TN 38137.
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Table 4.1. Johnsongrass size at time of asulam application
in plant cane at St. Gabriel, LA (1992), and Houma, LA
(1993), and in ratoon cane at St. Gabriel, LA (1993).
Application
timina
April 15
May 1
May 15
June 15
No asulam

Johnsonarass size11
Plant caneb
First ratoonb
1993
1992
1993
3-4
5-10
25-30
53-152
NA

(0)
(0)
(10)
(70)

3-15
10-60
61-91
91-183
NA

(0)
(0)
(15)
(75)

5-25
13-40
63-122
115-183
NA

(0)
(10)
(25)
(75)

“ Values in parenthesis represent percent johnsongrass
panicle emerged.
b Plant cane at St. Gabriel, LA (1992) and Houma, LA (1993)
and first ratoon cane at St. Gabriel, LA (1993).

Sugarcane stalks were hand planted in September 1991 at
St. Gabriel.

Johnsongrass seed were hand sown on top of

the planted rows at 56 kg/ha followed by rehipping and
roller packing of rows.

Primarily seedling johnsongrass

was johnsongrass was present in 1992, but in 1993 at St.
Gabriel, rhizomatous johnsongrass predominated.

At Houma,

johnsongrass rhizome pieces 6 to 15 cm long with 4 to 10
buds were planted in the furrow at the time of sugarcane
planting October 1, 1992 and again approximately 5 cm deep
directly over the planted sugarcane on October 12, 1992.
Atrazine [6-chloro-N-ethyl-N'- (1-methylethyl) -1,3,5triazine-2,4-diamine] at 2.2 kg/ha was applied to sugarcane
PRE in March and in late June at layby in all studies.

The

plots were subjected to conventional tillage and fertilizer
application practices.

48
Visual ratings for johnsongrass control were made
approximately 4 wk after the June 15 application and
sugarcane injury ratings were made approximately 4 wk after
each herbicide application.

Weed control and crop injury

was based on chlorosis and necrosis of plant tissue using a
percentage scale of 0 to 100% where 0 = no injury and 100 =
plant death.
Millable sugarcane stalk counts were taken from the
entire experimental plot and stalk height measurements of
15 randomly selected stalks were determined on August 14,
1992 and August 18, 1993 in the plant cane studies, and on
August 20, 1993 in the first ratoon study.

Sugarcane

stalks were considered millable if the height of the last
collar region was approximately 1.4 above the soil surface.
Sugarcane stalk height measurements were determined from
soil to the highest visible collar region.

Johnsongrass

panicle counts from the entire plot were taken in only the
plant cane studies on the same date that stalk counts and
height measurements were made.

In the ratoon cane, panicle

counts were not made due to severe lodging.

On November

2, 1992 and November 3, 1993, plant cane studies were
harvested using a single row whole-stalk harvester set to
top stalks at the highest visible collar and 2.5 cm above
soil surface.
8, 1993.

The first ratoon crop was harvested October

In all studies one meter from the front and back

of each plot was excluded from harvest measurements to

allow for a buffer zone between treatments.

Harvested

stalks from the three row sugarcane plots were cut and
heaped into a single row.

Excessive fodder, as well as

johnsongrass biomass, was removed by burning prior to
weighing the stalks to determine gross cane yields.

A 15

stalk sample was randomly selected from each plot, weighed
and crushed to extract juice for analysis of sugar content
and Brix using standard methodology (4.11).

Theoretical

recoverable sugar (TRS)10 content was determined from the
extracted juice. Theoretical sugar yield was determined by
multiplying TRS times cane yield.
A split plot experimental design with whole plots as
sugarcane cultivars and subplots as asulam application
timings was used in all studies.
replicated five times.

Treatments were

Analysis of variance indicated a

significant herbicide timing by study interaction for all
variables except sugarcane visual injury for which a
herbicide timing by cultivar interaction was noted.
Fishers Protected LSD at the 0.05 level of probability was
used to separate treatment means.

RESULTS AND DISCUSSION
Johnsongrass control.

Regardless of sugarcane cultivar,

johnsongrass response trends to asulam application timings

“’Abbreviations: TRS, theoretical recoverable sugar;
t/ha, metric tons per hectare; WAT, wks after treatment.

were similar.

Johnsongrass control 4 wk after the June 15

application was no more than 75% at St. Gabriel and 87% at
Houma (Table 4.2).

In 1992 at St. Gabriel, late-season

johnsongrass control with asulam in the plant cane crop was
highest for the May 15 application (75%) 8 wks after
treatment (WAT) 10.
Table 4.2.
Visual johnsongrass control 4 wk after the June
15 application and johnsongrass panicle ■
counts as
influenced by asulam application timing.
Application
timinq0
April 15
May 1
May 15
June 15
No asulam
LSD (0.05)

Johnsonqrass control"
Plant caneb First ratoonb
1993
1992
1993
—
%
39
62d
85
62
68
87
75
62
85
40
39
25
0
0
0
6
11
10

Panicle counts"
Plant caneb
1992
1993
—
no/83 m2 —
82
11
71
2
49
5
10
77
166
179
22
27

a Determined August 14, 1992, and August 18, 1993.
Panicle
counts were not made in first ratoon cane due to excessive
johnsongrass pressure and severe lodging •
b Plant cane at St. Gabriel, LA (1992) and Houma, LA (1993)
and first ratoon cane at St. Gabriel, LA (1993).
c Asulam applied at 3.7 kg/ha plus crop oil concentrate at
1% (v/v).
ll Values for each year represent data pooled across three
sugarcane cultivars.
When asulam was applied April 15 or May 1, johnsongrass was
still being suppressed at levels of 62 to 68%, 12 and 10
WAT, respectively, which was greater than when applied June
15 (39%).

At Houma, asulam application April 15, May 1, or

May 15 controlled johnsongrass 85 to 87% which was greater
than application June 15 (25%).

Since ratings were made

12, 10, or 8 wks after the April 15, May 1, or May 15
applications, the results indicate that best residual
control occurred with the earlier applications when
johnsongrass development above and below ground would be
expected to be less.

Reduced johnsongrass control for the

June 15 application both years may have been related to the
presence of larger more mature plants where rhizome systems
would be expected to be greater.

Plant growth stage has

been reported to influence efficacy of asulam (4.18).
For the first ratoon sugarcane, control of johnsongrass
represented the effect of application in 1993 as well as
the previous year, since herbicide treatments were applied
to same plots both years.

For the first ratoon crop,

johnsongrass was primarily rhizomatous compared to the
plant cane crop where the initial infestation was seedling
johnsongrass.

Residual control of johnsongrass in the

ratoon cane was no more than 62%.

As noted for the

previous plant cane crop, control following asulam applied
May 15 was greater than when applied in April or June
(Table 4.2).

Data indicate that poor johnsongrass control

in the plant cane crop can result in greater need for
control with asulam in the following ratoon crop.
Johnsongrass panicle counts.

Johnsongrass panicle counts

at St. Gabriel 1992 were more than two times higher where
asulam was not applied (Table 4.2).

For the May 15 or June

15 application times, panicle counts were 49 and 10
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panicles/83 m2, respectively, and less than for the April
15 or May 1 application.

This would be expected since

typically when asulam is applied to johnsongrass in the
boot stage, seedhead emergence will be retarded and
panicles which emerge are malformed (4.13).

This is due to

translocation of asulam to meristematic areas within the
plant (4.5).
Johnsongrass panicle counts at Houma closely reflect the
weed control rating (Table 4.2).

Lowest panicle counts

were noted when asulam was applied in April or May and
ranged from 2 to 11 panicles/83 m2.

With the June 15

application, panicle counts even though greater than the
earlier application were still 57% less than when no asulam
was applied.

The difference in response between locations

is probably related to a heavier initial infestation of
seedling johnsongrass at St. Gabriel and rhizomatous
johnsongrass at Houma.

At St. Gabriel, germination and

emergence of johnsongrass seed occurred following the April
15 and May 1 asulam treatments.

Consequently, johnsongrass

plants were present late in the season which were not
emerged when asulam was applied.

At Houma, johnsongrass

rhizomes were planted in the fall before the test was
conducted and seedling johnsongrass pressure was minimal.
Sugarcane varietal sensitivity.

Sugarcane varietal

sensitivity was determined by visual estimates based on
percent chlorosis and necrosis of leaf tissue.
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A significant asulam application timing by cultivar
interaction was observed.

Averaged across the plant cane

studies, injury was no more than 2% when asulam was applied
in April or May (data not shown).

For the June 15

application, however, CP 72-370 was injured 25% which was
greater than for LCP 82-89 (11%) and CP 70-321 (6%).

In

the first ratoon cane study, injury also occurred only for
the June application and was 19% for CP 72-370, 8% for CP
70-321, and 1% for LCP 82-89.

Sensitivity of CP 72-370 to

asulam has been reported in other studies (4.15, 4.18).
Sugarcane stalk height.

Sugarcane stalk heights for plant

cane at St. Gabriel and Houma were similar for asulam
application in April or May and for the nontreated check
(Table 4.3), indicating that johnsongrass competition did
not negatively affect sugarcane stalk height.

When asulam

was applied in June in both plant cane studies and in the
ratoon study, stalk height was reduced compared with
earlier applications.

Since stalk height was not reduced

in the nontreated check, the reduced stalk height for the
June application is due to cane injury.

This response has

been shown in other studies (4.15, 4.18).
Sugarcane stalk population.

The degree of sugarcane

tillering affects number of stalks present at harvest which
directly impacts yield.

Presence of weeds especially early

in the season can reduce sugarcane stalk population (4.1).
At St. Gabriel in 1992, stalk populations were equivalent
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when asulam was applied in April and May ranging from 134
to 138 stalks/83 m2 and greater than for the June
application and the nontreated check (Table 4.3).

Even

though sugarcane was injured when asulam was applied in
June, stalk population following the June 15 application
was greater than when asulam was not applied.
In contrast at Houma, stalk population following asulam
application in April or May was greater than when applied
in June but equivalent to when asulam was not applied
(Table 4.3).

Unlike at St. Gabriel where tremendous early

season competition occurred from seedling johnsongrass, at
Houma johnsongrass pressure was less and competition in
April and May was reduced which allowed sugarcane to tiller
and maximize stalk production.
In the first ratoon study in 1993, no more than 88
stalks/83 m2 were produced regardless of asulam application
timing (Table 4.3).

This is related to heavy johnsongrass

pressure and ineffective control the previous year which
severely reduced sugarcane tillering potential.

Stalk

population was greater when asulam was applied May 15 than
June 15 (88 vs. 64 stalks/83 m2) .

Asulam application in

April, May, or June resulted in greater stalk population
than when asulam was not applied.
Sugarcane yield.

Sugarcane yield at St. Gabriel in 1992

ranged from 41 to 65 metric tons/ha (t/ha)3 (Table 4.4).
When asulam was applied May 15, sugarcane yield was 18%

Table 4.3.
Sugarcane stalk height and population as influenced by time of asulam
application.
Sugarcane stalk height3
Application

Plant caneb

time0___________ 1992

First ratoonb

1993__________1993______
cm

------------

Sugarcane stalk population3
Plant caneb
1992

First Ratoonb

1993

-----------

1993_____

n o ./8 3 m2

April 15

178d

204

156

134

178

78

May 1

176

201

154

136

178

74

May 15

176

201

155

138

175

88

June 15

169

194

144

115

159

64

No asulam

174

200

126

87

172

19

7

5

6

17

16

18

LSD (0.05)

a Sugarcane stalk heights and sugarcane stalk population determined August 14,
August 18, 1993 (plant cane) and August 20, 1993 (ratoon cane).
b Plant cane at St. Gabriel, LA (1992) and Houma, LA (1993) and first ratoon cane at St.
Gabriel, LA (1993).
c Asulam applied at 3.7 kg/ha plus crop oil concentrate at 1% (v/v).
d Values for each year represent data pooled across three sugarcane cultivars.

greater than the June 15, but equivalent to when applied
April 15 or May 1 applications.

Application of asulam in

April, May, or June produced at least 34% greater yield
than when asulam was not applied.

At Houma in 1993,

sugarcane yields ranged from 75 to 87 t/ha.

The higher

yield at Houma compared with St. Gabriel is related to less
johnsongrass pressure evidenced by panicle counts in August
(Table 4.2) and subsequent greater sugarcane stalk
population and height at Houma (Table 4.3).

At Houma,

sugarcane yield was equivalent when asulam was applied in
April or May averaging 87 t/ha and was at least 13% greater
than when applied in June.

Sugarcane yield was equivalent

following asulam application in June and when asulam was
not applied.

This is probably related to the cane injury

associated with asulam rather than johnsongrass control
since panicle counts were less when asulam was applied.
For the first ratoon sugarcane at St. Gabriel, yield was
no more than 38 t/ha (Table 4.4) and was related to
excessive johnsongrass pressure which reduced stalk
population and height (Table 4.3).

Yield when asulam was

applied May or June was equivalent, but was 23% greater
when applied June 15 rather than April 15.

Data indicate

that under heavy rhizome johnsongrass pressure results can
be unsatisfactorily when asulam is applied too early. Cane
yield was near zero when johnsongrass was not controlled
for two years.

Table 4.4.
Sugarcane yield and theoretical sugar yield as influenced by time of asulam
application.
Sugarcane yield3
Application
time0

Plant caneb
1992

Theoretical sugar vielda

First ratoonb

1993

Plant caneb

First Ratoon1

1993

1992

1993

1993

t /h-i2
April 15

61d

86

31

7620

9010

3790

May 1

62

87

33

7660

8930

3980

May 15

65

86

37

7950

8790

4300

June 15

55

76

28

6730

7720

4300

No asulam

41

75

1

5281

8020

100

6

3

6

720

520

840

LSD (0.05)

a Sugarcane yield determined November 2, 1992 and November 3, 1993 (plant cane) and
October 8, 1993 (ratoon cane).
b Plant cane at St. Gabriel, LA (1992) and Houma, LA (1993) and first ratoon cane at St.
Gabriel, LA (1993).
c Asulam applied at 3.7 kg/ha plus crop oil concentrate at 1% (v/v).
d Values for each year represent data pooled across three sugarcane cultivars.

ui

Sugar yield.

Theoretical sugar yield response to asulam

application timing closely paralleled that for sugarcane
yield (Table 4.4).

At St. Gabriel in plant cane, sugar

yield was 18% greater when asulam was applied May 15 rather
than June 15.

Application of asulam April 15 or May 1

resulted in sugar yield higher than when applied June 15.
When an asulam application was made sugar yield was at
least 28% greater than when asulam was not applied.

At

Houma, April or May asulam applications resulted in
equivalent sugar yields of 8790 to 9010 kg/ha, which was 10
to 12% higher than the nontreated check.

If asulam

application was delayed until June 15, sugar yield was less
than earlier applications and equivalent to the nontreated
check.

This reduction is the result of early season

johnsongrass competition and asulam phytotoxicity.

In

first ratoon cane at St. Gabriel, sugar yield was
equivalent for all asulam application timings and greater
than when asulam was not applied.

The extremely low yield

was related to poor johnsongrass control due to heavy
pressure and subsequent reductions in sugarcane stalk
population and height.
Results from these studies indicate that johnsongrass
emerging in spring from seed or rhizomes can be competitive
with sugarcane and should be controlled to avoid serious
production losses.

In the first production year asulam

application April 15, May 1, or May 15 controlled
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johnsongrass for a longer period of time than when applied
June 15 resulting in taller stalks, greater sugarcane stalk
populations, and ultimately higher cane and sugar yields.
Early season johnsongrass suppression with asulam
encourages sugarcane tillering which allow sugarcane a
competitive advantage over johnsongrass early in the
season.

Application of asulam in June increases the risk

of sugarcane injury and provides little johnsongrass
control.

In other studies CP 72-370 has been shown to be

more sensitive to herbicides than other sugarcane cultivars
(4.17, 4.18).

These studies show that CP 72-370 is

especially sensitive to asulam when applied in June and
even though LCP 82-89 is less sensitive to asulam than is
CP 70-370, LCP 82-89 is either slightly more sensitive or
equivalent to that of CP 72-321.
In plant cane when seedling johnsongrass predominates,
asulam application in mid-May to 25 to 30 cm tall weeds
will increase cane and sugar yields more than a late-season
application in June.

Since johnsongrass seed germinates

over an extended period, application May 1 or earlier, will
maximize yield but johnsongrass control will be no greater
than when asulam is applied in June.

Weeds emerging

following application of asulam May 1 or earlier will
increase the potential for johnsongrass in the ratoon crop.
In contrast, when rhizome johnsongrass predominates in
plant or ratoon cane, application of asulam May 15 or

earlier should provide equivalent levels of residual weed
control and maximize cane and sugar yields.

Yields would

be reduced and potential for sugarcane injury increased
when asulam application is delayed.

In ratoon crops with

rhizomatous johnsongrass and weak stands of sugarcane,
asulam should be applied as early as possible and
management programs should be employed that maximize early
season sugarcane growth and encourage tillering.
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CHAPTER 5
ABSORPTION AND TRANSLOCATION OF ,4C-LABELED ASULAM
IN TWO SUGARCANE CULTIVARS

INTRODUCTION
Sugarcane, an economically important crop in south
Louisiana, was grown on over 140,000 ha in 1993.

Sugarcane

production is quite different than other crops due to its
semi-perennial growth habit.

Typically three crops are

harvested from a single planting.

In Louisiana sugarcane

cultivars are recommended,which differ in sucros content,
harvestability, erectness, stubbling ability, tonnage,
insect and disease resistance, and sensitivity to
herbicides.

Most producers may grow two to five cultivars

concurrently in adjacent fields to best exploit the better
characteristics of each.
The primary weed problem in Louisiana sugarcane is
rhizomatous johnsongrass (5.1).

Richard (5.8) reported

that johnsongrass reduced sugar yield by up to 53% if left
uncontrolled.

Therefore to maximize cane and sugar yields

johsongrass competition must be effectively managed.
Presently, asulam is the only herbicide labeled for POST
johnsongrass control.

Previous research has shown that

johnsongrass control with asulam varies and seldom exceeds
70 to 80% (5.8, 5.9).

Limited rainfastness of asulam

(5.4), response to temperature and relative humidity (5.7),
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herbicide application timing (5.8), and time of
fertilization in respect to time of asulam applications
(5.5)

may contribute to the inconsistency of johnsongrass

control observed.
Early season application of asulam is crucial to
obtaining acceptable johnsongrass suppression and
maximizing cane and sugar yields (5.8).

Moreover

researchers have determined that delaying asulam
applications can cause severe phytotoxicity to some popular
sugarcane cultivars (5.8).

Differential tolerance to late

season asulam applications has been documented (5.8).
Injury symptomology to sugarcane usually consists of
chlorosis and necrosis of leaves.

Although sugarcane may

recover from visual asulam injury symptoms, yield
reductions may occur (5.8).

Richard (5.8) reported higher

levels of asulam injury in the cultivar 'CP 72-370' than in
'CP 70-321'.
One suspected mechanism of differing cultivar tolerance
to asulam is the rate of foliar absorption and subsequent
translocation within the leaf tissue.

The presence of

globular siliceous bodies on the surface of 'CP 65-383' and
not on CP 72-370 may affect of asulam coverage and
subsequent absorption11.

The absorption rate of asulam has

been found to be extremely slow (5.2).

Sharma et al.

"Personal communication with Dr. Teresa Willard.
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(5.10) reported penetration of 14C-asulam was greater in
flax than wild oats; however absorbed asulam was
translocated throughout the entire wild oat (Avena fatua)
plant while translocation was limited in the flax (Linum
usitatissimum) plant.

Veerasekaran et al.

(5.11) observed

that 14C-asulam was readily transported to the meristematic
sink areas such as rhizome tips, bud areas, and young
leaf/frond tissue of braken (Pteridium aquilinum) .
Absorption and translocation did not account for
differential tolerance of hydroponically grown sugarcane
cultivars diuron (5.6).

Asulam, however, has shown

crop/weed selectivity due primarily to penetration into the
leaf and subsequent translocation (5.10).

The objectives

of this study were to evaluate potential sugarcane cultivar
differences in absorption and translocation of asulam.

MATERIALS AND METHODS
Sugarcane stalk cuttings (5 to 7 cm long containing one
nodal bud) of CP 72-370 and CP 70-321 were placed in an
incubation chamber at 30°C
germination.

for 24 h to induce bud

Once buds had bolted and shoots had begun

form, the seed pieces were transplanted to 15 cm pots
filled with a commercial peat mixture12.

Seedlings were

placed in the greenhouse for approximately 5 wk with

l2Jiffy Mix Plus, Jiffy Products of America, Inc.
Batavia, IL 60510

to

day/night temperatures averaging 32°/21° C.

Supplemental

lighting was used to establish photoperiods of 12 h.
On February 21, 1994 when sugarcane shoots had 6 to 7
leaves, and the height of the last visible collar ranged
from 38 to 58 cm (Table 5.1), 14C-ring-labeled asulam was
applied to the fourth fully expanded leaf.

Table 5.1. Growth stage of sugarcane plants at the time
of 14C asulam application.
Sugarcane

Plant arowth stacje

cultivar

Leaf number
—

(#/plant) —

Collar heicrht
(cm)

CP 70-370

6.2

52 .5

CP 72-321

6.1

41.3

LSD (0.05)

NS

7.4

Applications were made to the adaxial midrib approximately
half the distance from the leaf sheath to the leaf blade
tip in a 10 ul drop.
were made stationary.

To prevent droplet runoff,

leaves

Technical grade radiolabeled asulam,

with a specific activity of 3.98 uCi/mM, was dissolved in
acetone.

The total activity applied to each sugarcane

plant was 0.483 uCi or 1,074,262 dpm13.
Following the radiolabeled asulam treatment, plants were
returned to areas within the laboratory which had
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supplemental light.
or 2 4 HAT13.

Plant parts were sectioned at 6, 12,

At each harvest interval plants were

segregated into 4 plant sections: the region above the
treated leaf (whorl section); the treated leaf; the stem
tissue below the treated leaf; and the root system.

The

treated area was subjected to a 1 min leaf wash in
water:methanol (90:10).

Three 1 ml aliquots were taken

from the leaf wash and placed directly into scintillation
fluid for counting.
and subsampled.

Each whole plant section was weighed

The section subsamples were weighed green,

freeze-dried, and dry weight recorded.

Freeze dried

samples were combusted14 for 3 min at approximately 900° C
and the 14C02 evolved was trapped and radioactivity
counted15.
A two factor factorial arrangement in a randomized
complete block design with three replications of each
treatment was employed.

The first factor consisted of the

two sugarcane cultivars (CP 70-321 or CP 72-370) and the
second factor was assigned the three absorption/harvesting
times (6, 12, or 24 HAT).

‘Abbreviations:
HAT, hr after treatment; dpm,
disintegrations per minute.
I40X300 Biological Oxidizer, R. J. Harvey Instrument Co.,
Hillsdale, NJ 08835.
15Beckman LS5801, Beckman Instruments, Nuclear Systems
Operations, Irvine, CA 92713.

68

Analysis of variance was performed and significant
treatment effects were identified.

Curvilinear regression

equations were fitted to the variables which revealed a
time response.

Fishers protected LSD at the 0.05 level of

probability was used to separate means.

RESULTS AND DISCUSSION
Leaf wash data represented as percent of the total 14Casulam applied is shown in Figure 5.1.

Statistical

analysis revealed a cultivar by harvest time interaction.
Nearly 74% of the total 14C-asulam applied was removed in
the leaf wash at 24 hr for CP 72-370.

This was

considerably less than for CP 70-321, where the 24 hr leaf
wash accounted for over 82% of the total 14C asulam applied.
Rate of absorption of radiolabeled asulam for CP 72-370 was
also much greater than CP 70-321.

At the 6 hr harvest

timing CP 72-370 had less 14C-asulam absorbed than CP 70-321
as indicated by more 14C-asulam recovered in the leaf wash;
but over the 18 hr period that followed, the amount of 14asulam recovered in the leaf wash as a percent of the total
applied for CP 72-370 decreased from approximately 86% to
below 73%.

The difference of over 10% of the total asulam

applied at 24 hr between the two cultivars may indicate a
possible explanation for the cultivar sensitivity
differences.

Although there was only a difference of 1%,

previous studies have shown this to be a significant amount

69

of asulam absorption (5.2, 5.10, 5.11).

The cultivar CP

70-321 had slightly greater absorption than CP 72-370
initially, however, CP 72-370 absorbed 14C asulam at a much
greater rate.

Asulam absorption in CP 70-321 did showed a

general leveling off after 12 hr, yet CP 72-370 did not.
Translocation both above and below the treated area
occurred in both cultivars.

The amount of 14C asulam

translocated into the whorl tissue above the treated leaf
in CP 72-370 was fairly consistent over the 6, 12, and 24
hr harvest times (Figure 5.2).

Less than 1500 dpm/g of dry

plant material was found in the leaves above the treated
area for CP 72-370 which was less than for CP 70-321 at the
24 h timing.

At the early harvest timings of 6 or 12 HAT

approximately 1000 dpm/g of dry plant material was
recovered in the plant whorl tissue above the treated leaf
of CP 7 0-321.

However, at the 2 4 HAT harvest, over 2 8 00

dpm/g of dry plant materila was located in the whorl
region.

The greater translocation of 14C-asulam to the

whorl of CP 70-321 may be indicative of individual cultivar
physiological differences.

The cultivar CP 72-370 at the

time of treatment was taller than CP 70-321 plants (Table
5.1).

Although the growth stage based on leaf number was

identical, the height differential may indicate that CP 72370 was physiologically more mature, and that CP 70-321 had

95
CP 70-321 y = 86.431 + 40.315(lnx/x) r2 = 0.34
a p p lie d
% of total 14C asulam

CP 72-370 y = 89.168 + 6012.816 x
90

85

r2 = 0.81

80

75

LS D (0 .0 5 ) = 4
70

6

24

12
T im e (hour)

Figure 5.1.
I4C-asulam recovered in the treated leaf wash as a percent of the total
applied to two sugarcane cultivars.

o

3,500

( + ) --------CP 70-321 y = 966.633 + 8.347( x/4 4311
( □ ) ------ CP 72-37 0 y = 1379.984 + 74.111 *

r2 = 0.76

r2 = 0.08

3,000
2,500

2,000
1,500

DPM

/ gram

of dry plant m aterial

4,000

LSD (0.05) = 450

500

6

24
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Figure 5.2.
14C-asulam recovered in the whorl tissue above the treated leaf in
DPM / gram of dry plant material for two sugarcane cultivars.
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began to allocate more energy to the meristematic areas for
leaf formation and shoot elongation.
14C-asulam generally remained in the immediate treated
area (Figure 5.3).

Over 400,000 dpm/g of dry plant

material was found in the treated area of CP 72-321, while
680,000 dpm/g of dry plant material remained in the same
plant section of CP 72-370.
This difference in 14C-asulam uptake for CP 7 0-321 and CP
72-370 is most likely the key factor related to differences
in asulam sensitivity.

Liu (5.6) reported that root uptake

of 14C-diuron in hydroponically grown cultivars was not the
mechanism of tolerance between two Puerto Rican sugarcane
cultivars.

Other studies have revealed an absorption

differential of foliar applied 14C-asulam between flax and
wild oat (5.10).
There was no significant cultivar or harvest time effect
with respect to the stem tissue samples below the treated
leaf.

The translocation of 14C-asulam to the stem tissue

was negligible and not significant (data not shown).
A significant time of harvest effect was found for
translocation of 14C-asulam to the sugarcane root samples
but differences between cultivars were not noted and data
were pooled (Figure 5.4).

The root sections reveal 200

dpm/g of dry plant material was translocated to the roots
at 6 HAT.

Slight increases in the 14C-asulam concentration

at the 12 HAT harvest was observed with over 2 00 dpm/g of

of dry plant m aterial (Thousands)

600

500

400

300

200
100

DPM

/ gram

700

LSD (0.05) = 4 4 0 0 0
0

CP 72-370

CP 70-321

Figure 5.3.
14C-asulam recovered in the treated leaf area in DPM / gram of dry plant
material for two sugarcane cultivars.
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Figure 5.4.
14C-asulam recovered in the root tissue in DPM / gram of dry plant material
pooled over sugarcane cultivars.
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dry plant material recovered.

The rate of translocation of

14C-asulam continued to increase following the 12 hr harvest
time and approximately 500 dpm/g of dry plant material was
recovered in the roots 24 HAT.
In summary, the amount of 14C-asulam recovered from the
leaf wash and leaf tissue indicated more asulam had
beenabsorbed for CP 72-370 than CP 70-321.

Translocation

of asulam within plants was less for CP 72-370 than for CP
70-321, and more asulam was located in the meristematic
whorl region of CP 70-321 than for CP 72-370.

This study

shows that the differential tolerance to asulam between
sugarcane cultivars CP 70-321 and CP 72-370 is probably due
to the differences in asulam absorption and rate of
translocation within each cultivar.
Although in this study only the adaxial side of the leaf
was treated, greater asulam uptake may occur through the
abaxial leaf surface (5.11).

Compared with CP 70-321, CP

72-370 has a more erect leaf orientation as the growing
season progresses which may enhance the potential for
asulam phytotoxicity.
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CHAPTER 6
SUMMARY
Results reported herein are from field, greenhouse, and
laboratory studies of factors affecting asulam activity on
johnsongrass and sugarcane cultivars.

At best asulam

provides acceptable (70 to 8 0%) levels of johnsongrass
control which may last 6 to 8 wks.

For most POST

herbicides used in other crops, weed control of 80% would
be unacceptable and if market competition was available,
alternative herbicides would be used.

Asulam is the only

herbicide presently available for POST control of
johnsongrass in sugarcane.

To obtain this level of

johnsongrass control asulam had to remain on the treated
plants 8 to 20 h prior to being subjected to 1.3 cm of
simulated rainfall.

Results suggest that, especiallly when

less than optimum soil moisture conditions exist and
rainfall is imminent, application of asulam to johnsongrass
after panicle emergence should be avoided to maximize its
limited potential effectiveness.
Studies were also conducted to evaluate the interaction
between time of fertilization and asulam application in
respect to johnsongrass control.

Growing conditions in

spring will affect rate of johnsongrass growth and
consequently time of asulam application.

In years when

late frost and cool weather conditions in spring are not
encountered and johnsongrass growth is not hindered, asulam
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is applied to johnsongrass 46 to 61 cm tall, usually in
late April to early May.

This time frame unfortunately

often coincides with the optimum period for fertilizer
application.

Based on these studies asulam should be

applied 14 d after the off-barring operation and at least 3
d prior to or 10 to 14 d after fertilizer application where
a knife injection system is used,,

Asulam application to

johnsongrass in the 14 d period following fertilizer
application can reduce johnsongrass control because of
subsequent root injury and resulting stress imposed.
Realizing the potential for interaction between time of
fertilization and asulam application, a management program
should be employed which provides for timely and efficient
use of fertilizer and asulam and which reduces johnsongrass
competition and maximizes yield.
In asulam application timing studies with plant cane and
seedling johnsongrass, an application of asulam between
early April and mid-May to 25 to 30 cm tall weeds increased
cane and sugar yields more than a mid-June application.
Due to johnsongrass seed germination over an extended
period, application May 1 or earlier, maximized yield, but
johnsongrass control was no greater than when asulam was
applied in June.

Weeds which emerged following application

May 1 or earlier increased johnsongrass infestation in the
ratoon crop.

In contrast, when rhizome johnsongrass was

present in plant cane, application of asulam May 15 or

earlier provided equivalent weed control and maximized cane
and sugar yields.

When asulam was applied in June, cane

and sugar yields were reduced due to sugarcane injury and
extended johnsongrass interference compared with earlier
applications.

In ratoon crops with rhizomatous

johnsongrass and weak stands of sugarcane, asulam should be
applied as soon as the weed reaches the optimum height, and
when temperatures and soil moisture are conducive to active
plant growth.

Management programs should be employed that

maximize early season sugarcane growth and encourage
tillering.
In the greenhouse/laboratory study, the amount of 14Casulam recovered from the leaf wash and leaves indicated
greater asulam absorption for 'CP 72-370' than for 'CP 70321'.

Translocation of asulam within the plant for CP 72-

370, however, was less than for CP 70-321.

Results

indicate that in the more tolerant cultivar CP 7 0-321 less
asulam is absorbed, yet once absorbed it is more rapidly
translocated within the plant.
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